A total of 57 stonefly species have been recorded in the Hron River. The natural gradient (slope and stream width) and pollution gradient of the river were defined using CCA based on physical, chemical and stonefly data. Stonefly metrics (abundance, richness/diversity, sensitivy/tolerance and functional metrics) were used to estimate the quality of the Hron River and the degree of proximity to its natural state. Similar results were obtained using two different methods. The first method was based on the homogeneity of variance and the interquartile range of different groups of stretches of the Hron River and the second was based on deviations from the expected values of biological metrics in a given stretch of the river. These values continuously decreased with increasing distance from the spring area, with the exception of the saprobic index, which increased in a downstream direction, and the stonefly average score, which did not change significantly along the whole river flow. The Stonefly Average Score (SAS) metric is universal for a variety of habitats such as the Hron River upstream and downstream, and is a reliable indicator of water quality and the natural course of a stream.
Introduction
The upper course of the Hron River (upstream of the town of Brezno) is included in the network of protected habitats of the NATURA 2000 project. Aquatic fauna of the Hron River was strongly influenced by human activities from 1970 to 1985 (Sedlár et al. 1983; Ambruš & Bulánková 2005; Bitušík et al. 2006 ). Krno (2006 Krno ( , 2007 summarized the results of studies on Plecoptera in the Hron River that were carried out from 1940 to 2005 and evaluated reference stonefly data, comparative analyses and temporal and spatial changes in biological structures. Gradient analysis of stonefly communities along the course of the Hron River exhibited a natural gradual downstream change in faunal assemblages.
In recent years, particular attention has been paid to evaluation of the ecological state of water streams according to the Water Framework Directive (WFD) (EU 2000) . The European projects AQEM and STAR were also focused on macrozoobenthos (Hering et al. , 2004 Furse et al. 2006 ), which has excellent bioindicative features for biological evaluation (Rosenberg & Resh 1993) . Evaluation of streams according to the WFD is based on complex analysis of the entire macrozoobenthos assemblage and requires collaboration of many specialists in taxonomy and considerable time and financial resources. There are three ways to approach biological assessment based on taxonomic or pollution tolerance data: saprobic, diversity, and biotic indices and scoring systems that use both the saprobic and diversity index approaches to evaluate taxa richness and pollution tolerance (Gordon et al. 2004) .
Within the macrozoobenthos, mayflies, stoneflies (Soldán et al. 1998 ) and caddisflies (Dohet 2002) were selected for evaluation of long-term changes in European rivers, whereby Plecoptera is one of the best bioindicators of human interventions in streams (AFNOR 2004) . In addition, there is a considerable amount of historical data regarding these macrozoobenthos groups (Krno 2006) .
The present study is part of a project on trend biomonitoring of macrozoobenthos in the Hron River system and its application in further comparisons and evaluations of changes in species richness and quantitative representation of species (Bitušík et al. 2006; Illéšová & Halgoš 2006; Krno 2006) . Here, an attempt has been made to estimate the quality and reference sites at the Hron River, based on selected stonefly metrics, such as abundance, species richness/diversity [Shannon-Wiener-index (Shannon & Wiener 1949) , species-richness, Stonefly Total Score (Krno 2001) ], sensitivy/tolerance [saprobic index and indicator stonefly species for various zones of saprobity (Zelinka & Marvan 1961; Šporka 2003) , Stonefly Average Score (Krno 2001) ], and functional metrics [food guilds (Šporka 2003) ]. The study focussed on the most frequent disturbances caused by eutrophication due to organic pollution of the stream. 
Material and methods

Study area
The Hron River (Fig. 1) , the second longest river in Slovakia, springs at the eastern foot of the Kráľová hoľa Mt. (the Nízke Tatry Mts), at an elevation of 980 m a.s.l. At 298 km, flowing as a left side tributary, into the Danube River, downstream of Kamenica nad Hronom, at the elevation of 112 m a.s.l. The Hron River waters are primarily polluted by urban agglomerations -Brezno, Podbrezová and Dubová in the upstream stretch, Banská Bystrica (sites 1-7), Zvolen and Žiar nad Hronom in the middle stretch (sites 8-10). The pollution results in an increased BOD5 (Table 1 ). In the downstream stretch (sites 11-14), the river biota is negatively affected by the hydroelectric power station at Veľké Kozmálovce, waste waters from Levice and Pohronský Ruskov towns and strong water eutrophication due to agriculture, resulting in an increase in the total phosphorus content (Table 1) (SHMÚ 2005) .
Sampling
Stoneflies were collected over a two-year period (2003) (2004) at two-month intervals, using the PERLA method (Kokeš et al. 2003) . Each site represented a characteristic stretch of the river, which was shorter than seven times the stream width or 100 m. Samples were collected from all habitats present within the characteristic stretch, including both erosional and depositional habitats. Net sampling lasted 3-4 minutes. The relative abundance at each site for the whole study period was recalculated as the sum of individuals caught during the whole period per a unit interval (1 min kick). For collection of the samples, a hand-net (25 cm wide with 500 µm mesh size) was used. Prior to sampling, habitat coverage was estimated for the complete 100 m section; information on site minerals and biotic microhabitats recorded according to STAR protocols (Furse et al. 2006) . The same person collected all samples. Samples were completed by sweeping adults from the riparian vegetation. The samples were preserved in 4% formaldehyde. In the laboratory, the samples were sub-sampled using a tray with 30 grids and thereafter fully sorted under a stereomicroscope. Stoneflies were identified to the lowest possible taxonomic level according to Kis (1974) , Raušer (1980) , Krno (2004) and Zwick (2004) .
Data analysis
The distribution patterns of stoneflies from one tributary and 13 sites of the main channel of the Hron River drainage basin (Table 2) , and respective environmental parameters were analysed by Canonical Correspondence Analysis (CCA, Figs 2, 3) (Ter Braak & Šmilauer 1998) . The forward I. Krno   Table 1 . Site related information of the Hron River (2003) (2004) .
Site
Code Altitude Slope Stream order Average width Max. temp. Conductivity selection was used with Monte Carlo permutation testing and Bonferroni adjustment to identify statistically significant sub-sets of these variables. Ten environmental variables were examined: chemical variables (pH, conductivity, dissolved oxygen content O2, organic pollution -using the saprobic index = Si) physical variables (substrate roughness, water temperature) and catchment variables (altitude and stream order width, and slope).
Four biological metrics (abundance, diversity, Shannon-Wiener diversity index, Si) (Table 4 ) of stoneflies were used according to Šporka (2003) . For each collecting site, the stonefly score for all sampled Operation units (Tables 5, 6) were summed to give a cumulative site score (Buffagni 1997) . To calculate the Stonefly Average Score (SAS), the Stonefly Total Score (STS) (Krno 2001) was divided by the number of Operational Units. Distribution of values of biological metrics at the sites were visualized by Box-and-Whisker plots. Through the use of this processing system, the differences between the more natural stretches of the river and the greatly disturbed stretches became visible. One-way analysis of variance (ANOVA) followed by LSD (Least Significant Difference) test were used to identify significant differences between sites of the Hron River. Assumptions for normality and homogeneity of variance were tested. For deviation of biologic metrics (except for Si) from the reference condition, the scaling according to Gray (2003) was used, modified for five categories of sites: class 5 (0-12% deviation); class 4 (13-25%); class 3 (26-45%); class 2 (46-75%); class 1 (>76%). For Si, scaling according to Rolauffs et al. (2004) was used: class 5 (0-5% deviation); class 4 (6-25%); class 3 (25-50%); class 2 (56-75%) and class 1 (>76%). A Kolmogorov-Smirnov test was applied to compare the distributions of water quality classes (Table 6) obtained by both methods. Discrimination efficiency values according to Ofenböck et al. (2004) were used and calculated as the percentage of stressed samples with metric values lower than the 25 th percentile and higher than the 75 th percentile of reference values for decreasing and increasing metrics, respectively. 
Results
Altogether 57 stonefly species were recorded in the Hron River ( Table 2 ). The first axis of the standardized CCA explained 32% of the total variance while the second axis explained 17% (Table 3 , Fig. 3 ). The most important variables correlated with the first axis and were linked to organic pollution (Si: F = 5.69; P = 0.002), and eutrophication (conductivity: F = 1.93; P = 0.048).
The second axis correlated more with stream slope (F = 3.09; P = 0.004), and stream size (stream width: F = 2.30l; P = 0.024).
Water quality in some river stretches, for example at sites 3, 6, 9 and particularly at site 8, as well as in the downstream stretch (mainly sites 11, 13), were shifted to the right (these displacements correlated with pollution) and had limited stonefly distributions (Fig. 2) . In more natural stretches of the river (sites 1, 2, 4, 5, 10) I. Krno 6, 8, 9, 11) , whereas stoneflies were absent from the river during the major part of the year at site 13. The influence of organic pollution culminated at the sites downstream from the urban agglomerations of Banská Bystrica and Zvolen. Eutrophication gradually increased with the size of the stream.
The first classification, based on Box-and-Whisker plots of biological metrics and one-way ANOVA, was used to identify significant differences between the Hron River stretches. Figures 4 and 5 are based on the assumption of natural continual change in the structure of stonefly taxocoenoses in the Hron River, as well as on α-biodiversity. Sudden statistically significant changes in metrics between two subsequent stretches, among which the second one was exposed to stronger human pressure, were considered as unnatural. Where deterioration in the quality and natural state of the stream was evident, the suggested threshold values for selected metrics were indicated by horizontal arrows in the graphs (Figs 4, 5) .
On the basis of stonefly abundance (Fig. 4A ), three was in the epirhithral (sites 1, 2), the second group was mainly represented by metarhithral and hyporhithral in the upper stream (sites 3-10), site 4 represented a transition between these stretches. Other sites were included in the third group with the lowest α-diversity (site 10 formed a transition between the last groups). Similar trend was also shown by the diversity index (Fig. 4C ). The Shannon-Wiener index differed significantly (P < 0.05); sites: 1, 2 > 3-14; 4, 5 > 8-14; 3, 6, 7 > 8, 9, 11-14; 10 > 11-13 (LSD, P < 0.05). The Saprobic index (Si) (Fig. 5A ) also differed significantly (P < 0.05); sites: 1 < 2-14; 2 < 3-14; 4 < 3-14; 5 < 6-14; 3 < 6, 8-14; 7 < 8-14; 6 < 8, 9, 11-14; 8-10 < 13 (LSD, P < 0.05). It significantly changed below the epirhithral stretch as a consequence of strong organic pollution from the village of Telgárt. The self-cleaning properties of running water improved its quality by one class (site 4). In the hyporhithral of the upper stream, the water quality worsened mainly downstream from the towns of Brezno (site 6) and Zvolen (site 8). Downstream, again due to self-cleaning processes, water quality improved by one class. Downstream from the hydraulic structure of Kozmálovce water quality alternately changed to a worse class. The Stonefly Average Score (Fig. 5B ) differed significantly (P < 0.05); sites: 1 > 3-14; 2 > 3, 6-14; 3 > 7-9, 11-14; 4, 5 > 6-14; 6, 7, 9, 10 > 8, 11-14 (LSD, P = 0.05).
SAS divided the Hron River into five groups. The most natural stretch occurs in the mountain zone (epirhithral, sites 1, 2), relatively original stretches also occur in narrow richly afforested valleys through which the Hron passes near the Muránska planina plain (site 4) and Balocké vrchy hills (site 5). A relatively heterogeneous third group comprised the medium-disturbed stretch downstream of the village of Telgárt (site 3), and in the hyporhithral (sites 6, 7, 9, 10, but not site 8). The downstream stretch of the river (sites 11-14) and site 8 composed the last two groups. The Stonefly Total Score (STS) (Fig. 5C ) also gave similar results. It differed significantly (P < 0.05); sites: 1, 2 > 3-14; 4 > 3, 6-14; 5 > 6-9, 11-14; 3 > 8-9, 11-14; 6, 7, 10 > 8, 11-14 (LSD, P = 0.05).
The second approach to analyse the investigated metrics was based on the continual model of biological data, which changed with the size of the catchment area, and with the ecological position of the stream (Vannote et al. 1980; Minshall et al. 1985) . We found that the Shannon-Wiener index of diversity (H ) (Fig. 6A ) correlated with α-diversity (AD) of stoneflies at a 99% confidence level and the R 2 statistic indicated that the fitted model explained 75.9% of the variability: H = 0.23 + 0.18 AD; R 2 = 0.87. The Stonefly Total Score (Fig. 6B ) correlated with α-diversity at a 99% confidence level and the R 2 statistic indicated that the Stoneflies of the Hron River fitted model explained 84.62% of the variability: STS = −3.43 + 3.51 AD; R 2 = 0.92. Stonefly abundance (SA) (Fig. 6C ) correlated with α-diversity at a 99% confidence level and the R 2 statistic indicated that the fitted model explained 42.45% of the variability: SA = 0.40 + 5.82 AD; R 2 = 0.65. These relationships allowed reconstruction of the expected course of these metrics in the Hron River according to the α-diversity of stoneflies (Fig. 7) . The observed α-diversity (Fig. 7A ) decreased at sites 3, 8, 11 and 13, where various human activities were most concentrated. Analysis of the Stonefly Total Score gave similar results (Fig. 7C ). The largest changes in abundance, α-diversity and diversity index occurred at sites 3 and 8 (Figs 7B, D) . The saprobic index increased continuously along the whole river profile, except for site 3 and partly site 8 (Fig. 7E) . The expected Stonefly Average Score (Fig. 7F ) was more constant (Krno 2001) , higher values were found in the montane zone (sites 1, 2), and SAS decreased at sites 3, 6-8, 11-14, where pollution continuously increased. Patterns representing the structure of food guilds of stoneflies in the Hron River were divided into two stretches. In the upstream river (Fig. 8A) , the proportion of scrapers peaked in a shallow open mountain brook and gradually decreased downstream (site 3) and again increased in the hyporhithral (sites 5-7). The proportion of shredders was high in the upstream river bordering broadleaved riverbank vegetation (willows), but not in the upstream stretch with semi-open coniferous forests. Their presence in the downstream stretches was moderate. The total proportion of collectors culminated at sites 3 and 4, downstream it gradually decreased. Predators predominated in the Zubrovica tributary (site 1), where fish were absent, and also in the hyporhithral. The structure of the food guilds in the middle and downstream stretches of the river (Fig. 8B ) was strongly influenced by pollution and the representation of food guilds in the relatively natural stretch (site 10) was balanced, but predators almost disappeared in the river downstream due to pollution.
Using scaling according to Gray (2003) and Rolauffs et al. (2003) , five categories of river stretches were proposed for the Hron River, which were described by quality and naturalness of streams, based on homo-I. Krno Table 7 . Water quality classes according to stonefly metrics: Box-and-Whisker plots and ANOVA. 1  2  3  4  5  6  7  8  9  10  11  12  13  14   Stonefly totalscore  5  5  3  4  4  3  3  2  2  3  2  2  1  2  Stonefly a v eragescore  5  5  3  4  4  3  3  2  2  3  2  2  1  2  Saprobicindex  5  5  3  4  3  3  3  2  2  2  1  2  1  2  Shannon-Wiener Indexofdiv ersit y  5  5  4  4  4  4  4  2  2  3  1  2  1  2  Abundance  5  5  3  4  3  3  3  1  2  2  1  1  1  1  α-div ersit y  5  5  3  4  3  3  3  1  1  2  1  1  1  1   T otal -class  5  5  3  4  3-4  3  3  2  2  2-3  1  2  1  2   Table 8 . Water quality classes according to O/E stonefly metrics. geneity of variance and interquartile range of different groups of stretches (Tables 7, 8 ). When water quality classes were compared according to stonefly metrics (Box-and-Whisker plots, Table 7 ) and O/E stonefly metrics according to stonefly metrics (Table 8) , there was no statistically significant difference between the two distributions at the 95.0% confidence level (P = 0.36).
Metrics/Sites
Discussion
The top-down strategy was the main strategy used to define individual types of stretches of the Hron River. It was hypothesized that the typology of rivers according to fish assemblages could be defined by combining information on river size and river slope (Huet 1949) . The corresponding analysis results demonstrated the global relevance of this strategy of river type definition. River types and ecological status exhibited cumulative and linked effects of both, natural features (river size, slope, altitude, geology) and anthropogenous impacts (pollution, land use, hydro-morphology). It has been generally concluded that the change in animal species communities along rivers tends to be transitional rather than zonation, as the upstreamdownstream gradient can be modified by various ecological disturbances (Vannote et al. 1980; Verneaux et al. 2003) . The fact that individual macroinvertebrate taxa differ in sensitivity to low oxygen saturation is used in the organic enrichment assessment. The number of Plecoptera taxa was used as a core metric for the detection of the response of stonefly communities to the gradient of organic pollution . Generally, Plecoptera provide a high bioindication potential (especially if oxygen-demanding pollutants are concerned) for the assessment of small streams due to their sensitivity to the concentration of dissolved oxygen (Baumann 1979) . Plecoptera richness and abundance are known to be taxa sensitive to various stressors in the Carpathian streams Krno et al. 2007 ). Correlation analyses between land use/hydromorphological pa-rameters and biological metrics indicated that the proportion of the number of Ephemeroptera, Trichoptera and, mainly, Plecoptera taxa together with saprobic indices (Si) were the best metrics indicating catchment hydrological degradation and water pollution in individual stream types (Hering et al. 2004; Rolauffs at al. 2004) . The habitat diversity is high through the whole Hron River basin, however, human impact is mostly moderate, showing the highest values in the lowland part of the Hron River and at sites 3 and 8 (Bulánková 2006) . These findings correspond with stonefly metrics observed in this study. Statistically significant correlations were found between conductivity, alkalinity, chloride and phosphate concentrations and presence of macroinvertebrate assemblages that are linked to organic pollution in the Hron River (Krno 2007) . Si values were positively correlated with the oxygen regime and biochemical oxygen demand (BOD 5 ). Similar relationships resulted from analyses of stonefly assemblages in this study. Eutrophication and saprobity affect stonefly biodiversity (Krno (2003) , whereby biodiversity is more responsive to organic pollution and indirectly also to the oxygen regime than to eutrophication. The analysis of reference sites in Austria and the Czech Republic showed that Si tended to decrease with increasing altitude and increased with increasing catchment area (Rolauffs et al. 2004) . The reference condition of streams was defined as the mean of the lowest 10% of the Si values for a given river type, minus two standard deviations. The saprobic quality classes were then defined on the basis of the degree of deviation from fixed saprobic classes (Rolauffs et al. 2004) . A similar method of comparisons of expected results on saprobity was also successfully adopted for the Hron River (Fig. 7 , Table 8 ).
Most of the metrics selected in this study are based either on relative abundance within specific or functional groups or the number of taxa within taxonomic groups. Richness measures reflect the diversity of an aquatic assemblage and are known to be most useful in indicating impairment (Resh et al. 1995) . Elimination of taxa from a naturally diverse system can be easily detected with such metrics. In particular, species belonging to the insect orders Ephemeroptera, Plecoptera and Trichoptera (EPT) are generally regarded as sensitive to impairment and the loss of taxa richness within these groups indicates perturbation (Wallace et al. 1996) . Although abundance metrics show high spatial and temporal variations, they are good discriminators between low and highly affected sites. The measure of relative abundance provides information on the composition of the assemblage. The diversity of taxa is a good indication of the ability of an ecosystem to support various taxa (Barbour et al. 1999) . The relative abundance of stoneflies in Carpathian streams continuously decreases with stream size ). The diversity index and the abundance of stoneflies in the Turiec River basin decreased with increasing value of the ecological position (epirhithral -hyporhithral) (Krno, 1994 (Krno, , 1996 . Similar results were recorded in the Hron River.
The assumption that high species richness and diversity indices are associated with a more stable ecosystem is the foundation of modern environmental management (MacArthur 1955) . More recently, it has been suggested that ecosystem processes depend more strongly on functional diversity than on species diversity, but functional diversity and species diversity are often correlated (Gordon et al. 2004) . Species diversity has its weaknesses (Friedrich et al. 1992 ). It can increase as a result of a low level of nutrient pollution, although this may not be considered ecologically desirable. Biodiversity indices are probably best applied to the situation of toxic or physical pollution (Hawkes 1977) . A sudden drop of these values (Figs 4, 5, 7) in the Hron River is interpreted as a consequence of toxicity of the middle stream (Bulánková et al. 2000) and regulation in the downstream stretch (Krno 2005) , but also as the result of impacts of strong pollution of the Hron River downstream from rural settlements. The suggested SAS system is universal for the Hron River upstream and downstream, the values of most remaining macroinvertebrate metrics are shifted according to their position to the River Continuum Concept (Barbour et al. 1999) . SAS very reliably indicates changes in water quality and streams naturalness. It results from the fact that in natural streams (irrespective of their ecological position) stoneflies with score categories of the Operational Unit that equal 3 represent more than half the community, while stenoecious species with a score of 5 represent more than 30% and euryoecious species the rest.
As mandated by the Water Framework Directive, assessment of ecological quality should be based on differences between observed conditions and reference conditions. Following the WFD criteria, the AQEM project used a typology-based approach to establish reference conditions (Hering et al. 2004; Moog et al. 2004 ). In addition to establishing reference conditions, a human-generated disturbance gradient (e.g., organic pollution) was established for each stream type. The quality of the historical data can be low and the data themselves can be incomplete. Direct investigations of stonefly taxocoenoses of the Carpathians or Central European rivers (in particular of lowlands) encounter the fact that individual types of natural streams almost do not exist at present (Zwick 1992) . These rivers are regularly excluded from an assessment system (Hering et al. 2004) . Different environmental parameters (altitude, slope, discharge) influence the distribution of stoneflies (Krno 1994) , the ecological position of streams, the biotic index and the Si (Sládeček et al. 1981; Sládečková et al. 1998) . The biotic index of stoneflies is correlated with the Si and enables a simple estimate at reconstruction of the Si in different natural streams studied in earlier plecopterologic investigations. In an earlier study, Krno (2006 Krno ( , 2007 focused to find reference conditions affecting the continuity of the downstream changes in stonefly diversity in the Hron River. In this study, discontinuity or deviation of stonefly metrics was considered as being mainly due to the influence of man.
I. Krno
Measures of functional feeding guilds are percentages of single feeding types within the entire assemblage. Specialized feeders such as scrapers or shredders are regarded as more sensitive, while generalists or gather feeders are more tolerant of impairment and are able to use a wider range of food materials available (Cummins & Klug 1979) . It was primarily the high percentage of shredders, which showed a reliable response to organic pollution , declining with increasing pollution. Similarly to our study, Vannote et al. (1980) and Bottoroff & Knight (1989) , studying food guilds of macroinvertebrates or stoneflies found that the abundance of shredders was highest in the headwaters and declined with increasing stream order. Predator abundance exhibited an inverse trend to shredders. However, in contrast to our results, scrapers were more abundant in the middle stream orders. Generally, trends in stonefly diversity and relative abundance of trophic guilds in the Hron River correspond with predictions of the River Continuum Concept ( Vannote et al. 1980) . Since nutrients are the key products of organic matter decomposition, eutrophication is very closely linked to organic pollution. The addition of nitrate and phosphate in combination with a greater input of sunlight results in enhanced plant growth. Under these conditions, shifts in the feeding strategy of communities towards herbivory are the primary consequences of the impact of eutrophication on benthic macroinvertebrates ). In the downstream stretches of the Hron River stoneflies are almost exclusively represented by scrapers and shredders, whereas predators are almost absent.
